I. INTRODUCTION
Multi-phase AC Motor Drive topologies offer a lot of advantages. Benefits includes, the reliability, redundant structure, limited dc link ripple, increased power density, fault tolerant, and reduced per-phase of inverter rating [1] [2] [3] [4] [5] [6] [7] . To exploit the above advantages, this article developed a twelve-phase (double quad or dual six-phase) multilevel
inverter configuration for open-winding loads. Configured by two adjacent phases are spatially shifted by 30 0 (symmetrical type) [1] [2] [3] [4] [5] [6] or by 15 0 (asymmetrical) [1] [2] 7] . Advantage, feasibility to split the phases and driven by multiple standard VSIs as multiphase inverter [2] [3] [4] [5] [6] [7] . Topologies are termed as dual-, triple-, quadruple and double quadruple three-phase ac drives and applicable to several low-voltage/high current ac traction and 'MoreElectric Aircraft' applications (MEA) [8] [9] . Multiphase ac drives are applied as the replacement for the hydraulic and pneumatic actuators, highly reliable in fault conditions and improve overall aeronautic propulsion in MEA [9] . On other hand, the viability of ac drives are improved by the multilevel inverters (MLIs) for high voltage synthesis done by the sources and limited rating switching devices. Benefit by reduced total harmonic distortion (THD), and dv/dt in the output voltages [10] . But potential vulnerability still persists in multilevel inverters, leading to total failure. Failures are occurred by the power parts (31-37.9) % by the mechanism of IGBT devices for high-power applications [11] . Also, failures addressed with capacitors and gate control techniques [11] [12] . Eventually, the combination of both multi-phase and multi-level inverter configuration becomes the solution for obtains high power ratings with limited rated devices [1, [3] [4] [5] [6] [7] . Still, the standard VSIs are reliable and reconfigured as both multi-phase and multi-level inverter by multiple VSIs proper arrangements [3] [4] [5] [6] [7] . Generally such topology referred as three-phase dual inverters, the two standard 3-Φ VSI (two-level) are connected at each ends of the open-windings [3] [4] [5] [6] . The potential difference across each phases of two single inverter's leg generates the multilevel output voltages when modulated 3-level VSIs. To be noted, dual inverters compromises the benefit of standard MLIs and common-mode currents are limited by the PWM strategies or by isolated dc sources [3] [4] [5] [6] [7] . All cases the dual inverters are restricted with output voltage levels, each leg are limited to three-levels. [1] [2] [3] [4] [5] [6] [7] .
Motivation is set to above facts; in perspective view this paper work articulates a novel configuration for dual sixphase (double quad or twelve-phase) symmetrical/ asymmetrical multilevel converter as shown in Fig. 1 [3] [4] [5] [6] [7] . Topology fits star-winding/open-winding loads, lowvoltage/high-current medium power and 'MEA' applications. Also, this work developed an original modified single carrier five-level modulation (MSCFM) scheme (independent modulation for each VSI) and generates 5-level outputs [13] . Modular converter consist of eight classical three-phase voltage source inverters (VSIs H and L) with one bi-directional (IGBT) switch per each phases and each VSIs is connected across each ends of openwindings [3] [4] [5] [6] . Linked to the two capacitors with neutral connection with VSI H (1) , VSI L (1) , VSI H (2) , VSI L (2) , VSI H (3) , VSI L (3) , VSI H (4) , and VSI L (4) for ensuring 5-level in each leg phases [13] . Since, all eight dc source are isolated and no circulation of homo-polar/zero-sequence currents [5] . The proposed converter holds redundant advantage that each VSI generates 5-level in their outputs irrespective of openwinding and/or star-winding structure. Overcomes the drawback of standard dual inverter topologies addressed in the literatures. Moreover, the total power among the eight dc sources and double quadrupling the power capabilities of each VSIs (H and L). Reliable under faulty condition one or two or three….VSIs fails and with single healthy VSI still propagates but with reduced power ratings. Also, compromised the standard MLIs benefits but with high reliability, easy to scale more than 12-phases and redundant structure with fault tolerant [6, [10] [11] [12] .
To verify the performances, the proposed symmetrical ac converter is numerical modelled with Matlab/PLECs simulation software's. Packages and tested under balanced conditions. Observed set of simulation results are presented in this paper version to show the effectiveness of the converter in symmetrical operating conditions and response shown always a close conformity with theoretical background.
II. SPLIT-PHASE DECOMPOSITION SPACE VECTOR

TRANSFORMATION
The twelve-phase system can be represented by stationary rotating multiple space vectors as [1, [3] [4] [5] [6] [7] 
Where, α = exp (j2π/12), symmetrical converter version, displacement between windings [7] . The multiple space vectors 1 5 7 11 , , , x x x x are the four rotating vectors and 3 9 , x x are the zero sequence components. Exposed in the zones of 11 and d 3 -q 3 , d 9 -q 9 sub-spaces respectively. Now, to introduce split-phase space vector decomposition transformation to dual six-phase openwindings supplied by eight isolated dc source VSIs. The twelve-phase system can be split into four three-phase subsystems {1}, {2}, {3}, {4} as [5] [6] [7] :
The arbitrary rotating space vectors (1) x , (2) x ,
x , (4) x and the zero-sequence components
0
x are defined for four three-phase sub-system {1}, {2}, {3} and {4} as:
Now, multiple space vectors and split-phase space vectors are related by substituting Eq. 3 and Eq. 2 in Eq. 1 and emphasized as below: 
Noted, where the symbols "*" and "·" denote complex conjugate and scalar (dot) product, respectively.
III. DOUBLE QUAD-INVERTER SINGLE CARRIER BASED FIVE-LEVEL MODULATION ALGORITHM
The P total power of the dual six-phase inverter can expressed as the sum of power of the four three-phase windings {1}, {2}, {3}, and {4} (VSI H (1) , VSI L
, VSI L (3) , and VSI H (4) , VSI L (4) ) [5] :
By neglecting the bi-directional switch per phases and two capacitors with neutral point in the Fig. 1 , results in four standard two-level inverters. Further, the modulations are carried out as like standard VSIs. By space vector theory, the output voltage vector v of the dual six-phase inverter can be expressed as the sum of the voltage vectors of four three-phase windings {1}- (1) v , {2}- (2) v , {3}-
v , and {4}- (4) v by the eight three inverters (VSI H
, VSI L
, VSI H (2) , VSI L (2) , VSI H (3) , VSI L (3) , VSI H (4) , VSI L (4) ) and given below as [5] [6] [7] :
By splitting twelve-phase windings into standard four threephase windings then Eq. 7 by considering Eq. 3 then the modulating vectors can represent for first-, second-, thirdand fourth three-phase windings as below:
By considering Eq. 4, then Eq. 8 to Eq. 10 for inverters VSI H
, VSI H
, VSI L (4) , the modulating vectors can be expressed as: 
Now, by considering Eq. 12 to Eq. 15, the Eq. 7 the modulating vector of twelve-phase converter can be easily predicted [3] [4] [5] [6] : For single dual three-phase VSI (VSI H (1) and VSI L (1 ), the switching states, upper-states are {S H , S H1 , S H2 , S H3 }, lowerstates are {S L , S L1 , S L2 , S L3 } = {1, 0} of the legs. Zerosequence currents are null, if assumed the system is balanced conditions, then Eq. 16 can be rewritten as eight separate three-phase VSIs. For the purposes of simplified investigation, the analyses on the proposed converter are performed with single carrier based 5-level modulation [13] . The modulating reference signals are compared against standard triangular carrier to provide maximum utilization of dc buses and ability to generate multilevel operation. , VSI H (4) , VSI L (4) ). But note, keeping proper phase-shift between reference modulating signals as given by α = exp (j2π/12), symmetrical converter or α = exp (jπ/12), asymmetrical converter operation. For phase 'a', switch S Ha and S La to be modulated throughout the fundamental cycle, i.e. swaps between {1, 0} with switching cycle. Switch S H1 modulated half of the fundamental period (first-half) as ON and retains OFF second half. Applicable in reverse to the switch S L1 modulated half of the fundamental period (first-half) as OFF and retains ON second half. To be noted, same strategy is applied to other phases (b, c, d, e, f, g, h, I, j, k, l) to generate five-level outputs.
A switch pattern of the proposed 5-level modulation for inverters VSI H (1) and VSI L (1) are shown in the Fig. 3 for the modulation index of 0.8. Table I gives the elaboration of the parameters utilized for testing and to verify the effectiveness the complete symmetrical (α = exp (j2π/12)) ac drive system is numerically developed in Matlab/PLECS simulation software package. The test conducted with balanced conditions by setting modulation index of eight VSI H (1) , VSI L (1) , VSI H (2) , VSI L (2) , VSI H (3) , VSI L (3) , VSI H (4) , VSI L (4) to 0.8 and overall modulation index of dual six-phase inverter is 0.8. Fig. 4 and Fig. 5 describe the complete behavior of the proposed multiphase converter system. Fig. 4(A) and Fig. 4(B) are the generated line-line voltage of inverters VSI H (1) and VSI L (1) , of first three-phase windings {1}. Fig. 4(G) and Fig. 4(H) are the generated line-line voltage of inverters VSI H (2) and VSI L (2) , of second three-phase windings {2}. Correspondingly, depicted with its fundamental components and shown equal in amplitude and proven balanced operation. It is observed that they are out of phase with respect to each other VSIs H and L, 30 0 spatial phase displacement between VSIs of first {1} and second {2} three-phase open-windings is observed and it is as expected. Further, confirms that each single VSIs are modulated in 5-level by the developed modified single carrier five-level modulation (MSCFM) algorithm. Hence, overcomes the drawback of addressed dual inverter configurations [3] [4] [5] [6] . , VSI L (1) ) and (VSI H (2) , VSI L (2) ) and in agreement with Eq. 8 and Eq. 9. Second the fundamental components confirm, the phase voltages are equal in amplitude, 30 0 spatial phase displacement is observed between voltages of openwindings {1} and {2}. Hence balanced smooth propagation is ensured with dual six-phase converter with modulation index=0.8.
IV. NUMERICAL SIMULATION RESULTS AND DISCUSSION
First three-phase {1} and second three-phase {2} openwinding currents are shown in Fig. 4(F) and Fig. 4(L) . Generated currents are sinusoidal in nature, balanced with same amplitude with proper phase shifts of 30 0 is observed between first three-phase windings {1} and second threephase windings {2}. Conformity is shown by the proposed converter each VSIs are modulated sinusoidal in the openwindings {1} and {2}, balanced conditions is propagated. Hence, the results discussed proven the requirement set by the theoretical developments for first and second threephase open-windings are in good agreement. Fig. 5(A) and Fig. 5(B) are the generated line-line voltage of inverters VSI H (3) and VSI L (3) , of third three-phase windings {3}. Fig. 5(G) and Fig. 5(H) are the generated line-line voltage of inverters VSI H (4) and VSI L (4) , of fourth three-phase windings {4}. Correspondingly, depicted with its fundamental components and shown equal in amplitude. Also, here it is observed that they are out of phase with respect to each other VSIs H and L, 30 0 spatial phase displacement between VSIs of third {3} and fourth {4} three-phase open-windings is observed and it is as expected. Further, confirms that each single VSIs are modulated in 5-level by the developed modified single carrier five-level modulation (MSCFM) algorithm. Hence, it is confirmed all the four three-phases are modulated in 5-level, with equal amplitude of fundamental components and proves balanced operation between all four VSIs. , of third three-phase windings {3}. Fundamental components are depicted in the same figures and are in agreement to Eq. 14. ) and (VSI H (4) , VSI L (4) ) and in agreement with Eq. 10 and Eq. 11. Second the fundamental components confirm, the phase voltages are equal in amplitude, 30 
V. CONCLUSION
A novel double quad (twelve-phase) multilevel inverter configured from the multiple standard three-phase VSI articulated by this paper work. An original modified single carrier five-level modulation (MSCFM) algorithm also developed. The PWM strategy modulates each single VSI (H and L) as ones equivalent to 5-level outputs and compromises the benefit of standard multilevel inverters.
Confirmatory results are obtained by numerical simulation software's modeling and shown with balanced power operations among eight isolated dc sources. Proposed multiphase-multilevel inverter effectively utilized for multiple batteries or fuel-cells fed system, for medium power, ac tractions and 'More-Electric Aircraft' (MEA) applications. Reliable under circumstances of asymmetrical available dc sources without affecting its multilevel operation subjected to quadrupling the power by eight VSI.
Investigation is still kept under developments to frame a proper optimized multilevel (5-level) based on carrier based or space vector modulation PWM generation techniques for near future works.
